ABSTRACT
INTRODUCTION
In the genus Cucurbita, there are five domesticated (C. argyrosperma Huber, C. ficifolia Bouché, C. maxima, C. moschata and C. pepo) and approximately ten wild species (Robinson and Decker-Walters, 1997, p. 71) . Most species originated in Mexico, with only a few species, including C. maxima, being native to South America. Certain morphological and physiological characteristics of these species such as the fast and indeterminate growth, developmental plasticity in response to the environmental conditions as well as the genetic diversity at the gene level, lead to the assumption that Cucurbita represents one of the most primitive genus in the plant kingdom. Further support suggesting that the squash and pumpkin are among the most ancient of the cultivated plants comes from the archaeological evidences: the seeds and rinds of C. pepo have been found at the sites dating 10,000-30,000 B.C. in Florida, 7,000-9,000 B.C. in Mexico and approximately 5,000 B.C. in Illinois (Robinson and Decker-Walters, 1997) . Only three domesticated species, C. pepo, C. maxima and C. moschata are recorded in Greece. Zucchini cultivars (C. pepo) are by far the most widely grown types of squash, either in the field or under the plastic greenhouse conditions for early crop production. Their immature fruits are highly appreciable by the consumers and are known as summer squash because they are consumed mainly during the summer. On the contrary, the winter squash (Cucurbita spp.) are of limited economic value with occasionally important role in the areas where the cultivation systems are not intensive. Their mature fruits can be long stored and consumed mainly during the winter in the traditional foods and cakes. In Greece, the cultivation of the winter squash is practiced mostly in small orchards for selfconsumption or sale at the local markets. The majority of the production is based on landraces maintained for the years by the local farmers. Although not so popular as the summer squash, neglected landraces of the winter squash possess various agronomic and horticultural characteristics of interest, resistance against the pests and diseases in particular, rendering them a valuable genetic source for the breeding programs. The Agricultural Research Center of Macedonia and Thrace (A.R.C.M.T.) started few years ago a program for the exploitation of these winter squash accessions as the rootstocks for the melon cultivars (Traka-Mavrona et al., 2000) . In addition, the Greek Gene Bank initiated an effort aiming at collecting Cucurbita spp. landraces from all the areas of the continental and insular Greece. A morphological and molecular characterization of this germplasm is needed, along with the tests for the biotic and abiotic stress tolerance so that this collection becomes useful for the breeders and farmers. The few studies concerning the morphological diversity among the landraces of the squash from different centers of diversity such as Cuba, Korea and Puerto Rico have revealed a great variability of the squash types (Rios et al., 1997; Chung et al., 1998; Wessel-Beaver, 1998) . Recently, Ferriol et al. (2004a Ferriol et al. ( , 2004b ) also found a considerable morphological variability among different landraces of C. moschata and C. maxima, especially in the fruit shape, ribbing and size. There are also quite a few studies concerning the molecular analysis in Cucurbita species. The RAPD markers were used to analyze the genetic diversity among C. moschata landraces from Korea, southern Africa and other geographical origins Baranek et al., 2000; Gwanama et al., 2000) . In all the cases, the accessions were grouped according to the agroclimatic regions of origin and not according to the morphological traits. Ferriol et al. (2003) studied the genetic diversity among 19 Spanish accessions of C. maxima using two different molecular marker types: Sequence Related Amplified Polymorphism (SRAP) and RAPD. More recently Ferriol et al. (2004a Ferriol et al. ( , 2004b , in addition to the morphological analysis, employed the SRAP and AFLP (Amplified Fragment Length Polymorphism) molecular markers for analyzing the diversity among a large number of C. moschata and C. maxima landraces. In all the cases, the results from the molecular analysis were correlated with the morphological characteristics. However, very few studies have attempted to compare results derived from the individual versus combined data sets not only for Cucurbita species, but also for other crop species (Franco et al., 1997; Russell et al., 1997; AjmoneMarsan et al., 1998) . In addition, there are almost very few analyses combining data sets of different nature, i.e. qualitative and quantitative morphological data, or morphological and molecular marker data (Franco et al., 1997; Franco et al., 1998; Franco et al., 2001) . Such kind of analyses could provide evidence whether a better estimate of the genetic diversity is obtainable and also whether the total evidence is within the confidence limits of evidence from the individual data sets. The aim of the present work was to analyze the genetic diversity of a part of the squash core collection, maintained in the Greek Gene Bank. The accessions were characterized using the morphological attributes along with an evaluation of the resistance against two isolates of Fusarium oxysporum. In addition a molecular analysis using the RAPD markers was also employed. The comparison between the relationships obtained by both the data sets (morphophysiological and molecular), as well as the possibility of combining the different data sets are discussed.
MATERIALS AND METHODS

Plant material
Sixteen Greek accessions of the squash were used (Table 1) . Thirteen of them belonged to Cucurbita spp. collection of the Greek Gene Bank and have been collected from different areas of the continental and insular Greece. Although registered as winter squashes, these accessions had not been completely classified. Three breeding lines from A.R.C.M.T., recently affiliated in Gene Bank, were also used. Lines 21 and 221 belonged to C. moschata and C. maxima, respectively, while line 224 was assigned (with no complete certainty) as C. maxima.
Morphological and physiological characteristics
Five plants per accession were evaluated for the morphological characteristics, based on UPOV's squash descriptor list (UPOV, 1996) . Thirty eight morphological characteristics were assessed, starting from the young seedling till the stage of mature fruit and the extraction of the seed (Table  2 ). Data were scored using a metric scale of integer numbers between 1-9 according to the descriptor list. In addition, all the accessions were evaluated for their resistance against two pathotypes of Fusarium oxysporum, i.e. F. oxysporum f.sp. melonis (Leach and Currence) W.C.Snyder and H.N. Hans (Leach and Currence, 1938) , and F. oxysporum f.sp. radiciscucumerinum D.J. Vakalounakis (Vakalounakis, 1996) (Table 2 ). The plants were grown for one week in the seed beds composed of the peat moss and perlite at a ratio of 10:1, and were transplanted to the pots when they had one true leaf. Prior to the transplanting, the roots were dipped in a conidial suspension of 10 6 conidia/ml. Then the inoculated plants were irrigated with a spore suspension of the same density three times, once a day for the following three days after transplanting. The inoculated plants were kept in a growth chamber at 23 o C, RH 70 % and 16/8 of light and darkness. Two weeks after the inoculation, the response of the plants was evaluated using a metric scale from 0 to 3 (0: no symptoms; 1: slight yellowing of bottom leaves; 2: leaves with dead areas, leaf senescence, yellow spots on the upper leaves; 3: dead plants) (Koutsika-Sotiriou et al., 2004) .
RAPD analysis
For RAPD analysis random 10-mer primers (Operon Technologies Inc., Alameda, CA) were used. The amplification was carried out in 25 µl reaction mix containing about 25 ng of genomic DNA, 0.2 mM of each dNTP, 0.2 µM of primer, 2 mM of MgCl 2 and 1 U of Taq DNA polymerase (Invitrogen) with supplied buffer. o C for 1.5 min, followed by final extension at 72 o C for 3 min. The amplification products were separated in 1.5-2 % agarose gel and detected by staining with ethidium bromide (Sambrook et al., 1989) . The gels were photographed under UV light. Each PCR reaction was run in duplicate, and only well defined and reproducible bands were analyzed.
Data analysis
Based on the evaluation of the morphophysiological characteristics, a raw data matrix was created. A pair wise Euclidean distance matrix, the most commonly applied procedure for these kind of traits (Mohammadi and Prasanna, 2003) , was analyzed by the UPGMA clustering procedure of the software NTSYS pc version 2.1 (Rohlf, 2000) . The raw data matrix was used to perform the ordination analysis (Principal Component Analysis -PCA) with the same software. For the RAPD markers, each polymorphic band in every sample was scored as a binary character with the value of 1 for the presence and 0 for the absence of the band, and a data matrix was created. The DNA bands of the identical gel migration were assumed to represent the same allele at a locus. Only reproducible and clearly visible bands were scored. The bands detected in all the plant samples at the same position (monomorphic) were excluded from the analysis. Nei's (1972) genetic distances were calculated based on the gene frequencies data and a dendrogram was constructed using the UPGMA clustering procedure. The gene frequencies data were also used for the PCA analysis. Mantel's test for the matrix correspondence was used to estimate the correlation between different matrices (Mantel, 1967) . To combine two different set of data (morphophysiological characters and RAPD markers), the gene frequencies were transformed to continue data using the function arcsine square root. A common data matrix was produced including both the gene frequencies (quantitative variables) and morphophysiological characteristics scores (qualitative variables). A dendrogram was produced by the use of Gower's distance (Gower, 1971) , which could be applied in the cases of quantitative and qualitative variables combination (Franco et al., 1997 ). Gower's distance is a metric distance which takes values between d = 0 (maximum similarity) and d = 1 (minimum similarity). The Gower's distance between two individuals (i and j) is defined as:
where: d ijk : the contribution of the kth variable to the total distance between individuals i and j. w ijk : is a weight given to the ijk comparison, assigning values of '1' for a valid comparison and '0' for invalid comparisons.
One accession of Cucumis melo L. was used as the outgroup. The fitness of each dendrogram with the respective distance matrix was evaluated using the cophenetic value. To define the optimal number of the clusters for each dendrogram, the approach of upper tail criterion at confidence level α = 0.05 was used (Milligan and Cooper, 1985; Franco et al., 1997) .
RESULTS
Morphophysiological characteristics
All the accessions studied exhibited a high variability for all the morphophysiological characteristics. A wide range of resistance among the accessions to F. oxysporum was detected. Specifically, for F. oxysporum f.sp. radiciscucumerinum, 68.75% of the accessions were totally resistant, while 6.25% of the accessions were totally susceptible. For F. oxysporum f.sp. melonis, 87.5% of the accessions were resistant, while the rest 12.5% of the accessions exhibited some symptoms but plants managed to survive. The PCA provided seven principal components, explaining >80% of total variation (Table 3 ). The first component accounted for 25.36% of the total variation, and grouped the accessions on the basis of the morphological characteristics of the male flower and resistance against F. oxysporum f.sp. melonis. The second component accounted for 20.43% of the total variation and grouped the accessions according to the seed size and weight, leaf blade characters and fruit shape (Fig. 1a) . Fig. 1b showed the two-dimensional plot for the sixteen squash accessions using the first two principal components, which explained 45.79% of the total variation. According to this procedure, the accessions were separated into two groups. The first group was composed of the accessions 221 and 224, while the second group included all the remaining accessions.
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The UPGMA method, based on 'Euclidean distances', grouped the accessions according to the dendrogram of Fig. 2 . The dendrogram showed a high degree of fit with the respective distance matrix (cophenetic correlation: r = 0.94). After the application of upper tail approach for the confidence level α = 0.05, the best partition was found to give two groups. The first one consisted of two accessions (221 and 224) and the second one included all other.
Molecular characterization
For the RAPD analysis, seven random primers were amplified with the DNA from five individual plants of each accession. Totally, 117 bands were detected with an average of 16.7 bands per primer. Out of these, 114 (97.44%) were polymorphic. Thirteen bands were unique amplification products, which distinguished each accession from the other tested accessions.
There was only one case, where a specific band, present in all other accessions, was absent in a single accession (Table 4) . Eight principal components explained more than 80% of the total variation (Table 5 ). The first two classified the accessions into three groups, the first including the accessions 221 and 224, the second the accessions 48, 51, 55 and 508, and the third the accessions 18, 21, 28, 54, 147, 151, 183, 231, 252 and 293 (Fig. 3) . The dendrogram, according to UPGMA, based on Nei's genetic distance, is given in Fig. 4 . Following the application of the upper tail approach for the confidence level α = 0.05, the accessions were classified into the same three, significantly different, groups. The cophenetic correlation of the dendrogram to the respective genetic distances matrix was high (r = 0.93). (Nei's (1972) genetic distances, UPGMA method).
Combining morphophysiological and molecular data
Mantel's test on the various genetic distance matrices was highly significant (r = 0.52; P = 0.002). A dendrogram was constructed (Fig. 5) , by combining the different data sets in a common genetic distance matrix, based on Gower's distance and the UPMGA. With the use of the upper tail approach for the confidence level α = 0.05, the same three significantly different groups were determined. The cophenetic correlation was equally high (r = 0.96). 
DISCUSSION
The identification and utilization of the diverse germplasm is the central issue in plant breeding. Thorough knowledge of the genetic diversity of a crop is necessary for the parental selection that maximizes the genetic improvement. More accurate and complete descriptions of the genotypes and patterns of the genetic diversity could help determine future breeding strategies and facilitate the introgression of diverse germplasm into the current commercial squash genetic base. From all the results obtained, it is clearly evident that there is a considerable variation among the squash accessions, for both the morphophysiological and molecular characteristics. More specifically, as far as the morphology was concerned, the accessions significantly differed in the flower, fruit and seed characteristics. In terms of the response to the pathotypes of F. oxysporum, there was a great variation ranging up to complete resistance. Also, the PCA analysis revealed high correlation of the resistances to the two pathotypes (r = 0.66, P = 0.001, data not shown). At that point, a function character added to the genetic diversity procedure should be mentioned. The usefulness of the resistant accessions offers benefits to breeders by providing a logical general strategy in identifying the best source. Besides, it provides a possibly useful resource by applying a parallel program checking the compatibility of the resistant accessions as rootstocks, enriching thus a friendliness to the environment cultivation system. In the case of the RAPD markers, a very high genetic variation was observed among the indigenous squash accessions, in concordance with the considerable variation revealed at the morphophysiological level. The notably high level of the polymorphism among the accessions (97.44%) was expected for the different Cucurbita species. Similar high level of the polymorphism (98.28%) was also reported among different Ocimum species (Singh et al., 2004) . The evaluation of 40 morphophysiological characteristics revealed great variation among the accessions and resulted in seven principal components covering more than 80% of the total variation. The first two principal components were able to explain a cumulative percentage of only 45.79% of the total variation. According to PCA, the accessions formed two distinct groups, with the codes 221 and 224 to be clearly separated in the biplot diagram (Fig. 1b) . Similar results were obtained in the case of cluster analysis (Fig. 2) . Thus, after the application of the upper tail approach for the confidence level α = 0.05, the accessions were classified into two significantly different groups, with the accessions 221 and 224 to constitute a separate group as above. As compared to the analyses of the morphophysiological traits, the application of the molecular data provided a better resolution, classifying the 16 squash accessions into three significantly different groups. Despite the abovementioned difference in the number of the groups, the two dendrograms, generated from different kind of data, revealed a kind of correlation in the accession grouping. However, Ferriol et al. (2004a) determined very low correlation between the distance matrices using the morphological and molecular data in C. moschata germplasm collections. Moreover, Ferriol et al. (2004b) did not find any clear grouping of C. maxima accessions according to the morphological traits in the molecular analyses. The discrepancy from the results of the present study could be attributed to the fact that the above mentioned authors applied different molecular markers (SRAP and AFLPs), analyzed the bulked samples instead of individualplant samples, and studied the accessions from only one species in each case. The latter point meant that the differences among their accessions were not expected to be obvious. On the contrary, the accessions of the present study belonged at least to two different species (C. maxima and C. moschata). Thus, the differences at the morphophysiological and molecular level were expected to be so enlarged that the probability of a significant correlation between the two different distance matrices was high. Although the RAPDs resulted in a more detailed grouping, the molecular approach by itself was not capable of assigning the accessions of each species, a practice requiring the exploitation of the morphological data as well. Given the observed correlation, it seemed sound to combine the two kinds of data in order to create a common genetic distance matrix. This approach was further supported by the fact that Mantel's test on the two distance matrices proved to be significant (r = 0.52; P = 0,002) and satisfied the necessity of a true similarity between the different data sets (Mohammadi and Prasanna, 2003) . The combined approach, i.e. the morphophysiological and molecular data, provided a more robust and biologically meaningful approach. Finally, based on the combined clustering procedure and focused on the main morphophysiological characteristics, which distinguished the accessions with the use of PCA (Fig. 1a) , the 16 accessions could be assigned to three different species, as follows: Group A: It included the accessions 221 and 224. The accessions had prostrate growth habit, large size of the leaf blade without marbling, large size of the fruit, varying colors, white flesh and large size of the seed. The accessions were completely resistant against Fusarium and belonged to the species C. maxima (Fig. 6a) . Group B: It included the accessions 48, 51, 55 and 508. The accessions had bushy to prostrate growth habit and medium to large size of leaf blade. Some of the accessions appeared marbling. The fruit was small or medium size with white or orange flesh. The accessions were susceptible to Fusarium and belonged to the species C. pepo (Fig. 6b ). Group C: It included the accessions 18, 21, 28, 54, 147, 151, 183, 231, 293 and 252 . The accessions had prostrate growth habit, medium to very large size of leaf blade and dark green colour with marbling. The fruit was medium to large size, with orange exterior colour having orange flesh. The accessions were almost completely resistant (except accession 28) against Fusarium and belonged to the species C. moschata (Fig. 6c) . In addition, the above mentioned clustering, as well as the assessment of the morphophysiological characteristics, provided the opportunity for the formation of a brief 'identity card' for each accession, including the information about the origin of the accessions and the resistance against F. oxysporum pathotypes (Fig. 6) . Taking all the above into account, it is clearly evident that an integrated approach concerning the conservation of a small part of the indigenous squash accessions was tried to be done. Through this effort, the morphological description and characterization of some local accessions of the squash, almost abandoned from the cultivation, became capable. Moreover, these accessions were assigned on the molecular level and documented precisely by ranging each one to the species they belonged. Finally, the above accessions were evaluated against two pathotypes of the soil born fungus F. oxysporum, a procedure that could potentially open the road to the study of these squash accessions as the rootstocks for the melon or watermelon cultivars. Furthermore, the estimated genetic diversity of the accessions increased the use of, and interest in, data already existing and placed a sharp focus on certain data management issues for the gene bank manager. 
